Introduction. Patients with a history of chemotherapy or stem cell transplantation (SCT) and prolonged neutropenia are at risk for hepatic and/or splenic seeding of Candida. In our experience, hepatosplenic candidiasis (HSC) without documented candidemia often remains unrecognized. Case presentations. We describe three cases of HSC without documented candidemia and the challenges in establishing the diagnosis and adequately treating this condition. The first patient had a history of SCT for treatment of breast cancer and was scheduled for hemihepatectomy for suspected liver metastasis. A second opinion at our institute resulted in the diagnosis of hepatic candidiasis without prior documented candidemia, for which she was treated successfully with fluconazole. The second case demonstrates the limitations of (blood and tissue) cultures and the value of molecular methods to confirm the diagnosis. Case 3 illustrates treatment challenges, with ongoing dissemination and insufficient source control despite months of antifungal therapy, eventually resulting in a splenectomy. Literature review. A structured literature search was performed for articles describing any patient with HSC and
INTRODUCTION
Candida spp. are able to cause invasive disease and candidemia, which can result in deep-seated infections [1] . As sensitivity of blood cultures for candidemia is limited, many invasive Candida infections may develop without positive blood cultures [2, 3] .
Hematologic and also oncologic patients who receive chemotherapy and/or stem cell transplantation (SCT) often experience a (prolonged) period of neutropenia and mucositis. The combination of compromised cellular defense and This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
The copyright line for this article was changed on 26 June 2017 after original online publication. This notice is included in the online and print versions. Symptom Management and Supportive Care breach in intestinal mucosal integrity results in an increased risk of Candida translocation and deep-seated infections, most commonly involving the liver and spleen [4, 5] . Hepatosplenic candidiasis (HSC) often becomes apparent only after neutrophil recovery, adding to the challenge in making the diagnosis [5, 6] .
The Oncologist
Clinicians might not be aware that HSC often occurs without prior documented candidemia. Underrecognized HSC may be mistaken for metastases and can have serious consequences for patients, especially when additional, inappropriate treatment such as surgery and chemo-or immunotherapy is initiated. To emphasize the importance of diagnosing HSC without prior documented candidemia, we here present three illustrative cases and a review of the literature on HSC and candidemia.
CASE 1
A 37-year-old female presented for a second opinion at our institute with respect to liver lesions, for which a hemihepatectomy was scheduled elsewhere, as metastases from a previous breast cancer or aspergilloma were suspected. Nineteen months prior (at t 5 0), a cT2N micro (sentinel node) triple-negative breast cancer was diagnosed, for which neoadjuvant chemotherapy was initiated. She received dose dense doxorubicin 1 cyclophosphamide followed by twice low-dose cyclophosphamide 1 thiotepa 1 carboplatin followed by SCT. She subsequently developed pulmonary consolidations 4 months after treatment, for which voriconazole was initiated. Antifungal treatment was ceased soon thereafter because of rapid clinical recovery and negative microbiological results for Aspergillus infection. Breastconserving surgery at 5 months revealed complete pathological response (yT0N0) and was followed by radiotherapy. At 11 months, she was admitted for a short period of time with an influenza B infection. Computed tomography (CT) imaging during admission revealed several liver lesions, which, in retrospect, were already present on previous imaging. Fine needle aspiration biopsy (FNAB) showed necrosis; tumor necrosis was not ruled out. Additionally, possible fungal hyphae were seen. Core needle biopsy of a liver lesion showed fibrosis, chronic inflammation, and hemorrhage, but no signs of fungi. Follow-up CT at 14 months showed decline of the liver lesions, although at 18 months a lesion in segment VII had increased from 1.5 to 3.5 cm in diameter ( Fig. 1A and 1B) , while a lesion in segment VIII remained 1 cm in diameter. At presentation for second opinion, the patient was in good health. Routine blood cell count, inflammation parameters, and renal and liver tests were normal, with only a mild thrombocytopenia. Revision of the FNAB and core needle biopsy taken elsewhere resulted in the conclusion that the Grocott stain of the FNAB showed spores intermingled with hyphae and pseudohyphae, consistent with Candida spp. (Fig. 2) [7] . Panfungal and Candida polymerase chain reaction (PCR) testing on an unstained histological slide was inhibited and therefore not interpretable. The diagnosis of hepatic candidiasis was supported by positive Candida antibody (mannan) serology (23.4 AU/mL, cut-off for positive test is >5.0 AU/mL). Serum Candida antigen (anti-mannan) and beta-Dglucan tests were negative. Outpatient treatment with fluconazole 400 mg once daily administered orally was initiated at 21 months. Follow-up CT at 27 months showed regression of the liver lesions (Fig. 1C) , and fluconazole therapy was ceased. The patient remains in good health at the time of writing this paper, with stable follow-up imaging.
CASE 2
A 63-year-old male had received two courses of remissioninduction chemotherapy for myelodysplastic syndrome (MDS)-refractory anemia with excess blasts 1 according to standard protocol (first course idarubicine 1 cytarabine and second course daunorubicin 1 cytarabine) plus lenalidomide (HOVON 132 trial, EudraCT number 2013-002843-26). The first course was complicated with an Enterococcus faecium catheter-related bloodstream infection (CRBSI), with 2 days of intensive care unit admission. Antibiotic treatment consisted of meropenem, vancomycin, and anidulafungin, which was soon ceased after catheter removal. During the second course, he experienced fever and night sweats while in neutropenia without a clear focus of infection and was treated empirically with meropenem, vancomycin, and liposomal amphotericin-B. Blood cultures were positive with E. faecium and Staphylococcus hominis, and a peripheral-inserted central catheter was first exchanged and later removed, as another CRBSI was suspected. Surveillance throat cultures were positive for Candida albicans and C. glabrata. After discharge from the hospital, the night sweats ceased, although at the time of neutrophil recovery, increasingly elevated liver enzymes were seen, in particular ALP (755 U/L) and GGT (224 U/L). Ultrasound imaging showed no focal liver lesions, but subsequent magnetic resonance imaging (MRI) revealed hepatosplenomegaly and multiple T2 hyperintense lesions (Fig. 3A) . The scheduled allogeneic SCT was postponed. Histopathological analysis of a core needle biopsy of the liver was consistent with abscess. Microbiological analysis with microscopy and culture showed no evidence for infection with (myco)bacteria or fungi, and serology did not indicate a parasitic infection. As no pathogen had been identified, the patient was treated empirically with 3 weeks of intravenous (IV) ciprofloxacin, metronidazole, vancomycin, and anidulafungin (200 mg daily). Additional molecular analysis (PCR) of the biopsy was negative for Aspergillus and mycobacteria, and the material was sent to a mycological reference center (Radboud University, Nijmegen, The Netherlands) for panfungal PCR. Panfungal PCR result was positive, and subsequent sequencing indicated presence of C. albicans and C. tropicalis DNA. Meanwhile, an MRI 2 weeks after start of empirical antimicrobial treatment showed a decrease of the hepatic lesions (Fig. 3B) ; unfortunately, this scan also revealed a mass suspect for colon carcinoma. As the diagnosis of disseminated candidiasis was made, the patient received 2 months of additional treatment with fluconazole (400 mg daily). During this period, he underwent a hemicolectomy for a pT3N0 colon carcinoma. MDS treatment will be continued once he has recovered from surgery. Follow-up CT imaging did not show focal liver lesions, and liver tests (ALP and GGT) have improved drastically.
CASE 3
Eight years ago, a 47-year-old male with mantle cell lymphoma (MCL) was treated with three courses of rituximab 1 van on behalf of AlphaMed Press cyclophosphamide 1 doxorubicin 1 vincristine 1 prednisone (R-CHOP) followed by two courses of high-dose cytarabine combined with rituximab. During the latter course, he developed fever and was treated empirically with imipenem, pending the culture results. Soon after initiation of antibiotic therapy, he developed purple skin lesions, suggestive of candidemia, for which voriconazole was added to the antibiotic treatment. No candidemia or bacteremia was demonstrated; however, C. tropicalis was cultured from a skin biopsy. Ophthalmic examination revealed no ocular candidiasis. However, abdominal ultrasound showed splenomegaly with multiple hypoechogenic splenic lesions with a hyperechogenic center, consistent with Candida micro-abscesses (Fig. 4A) . On fluorodeoxyglucose (FDG) positron emission tomography (PET) CT (FDG-PET-CT), splenomegaly was visible with inhomogenous enhancement of the spleen and extensive multifocal FDG uptake in the spleen (Fig. 4B and 4C) . Furthermore, regression of lymphoma masses was seen. On the presumptive diagnosis of splenic candidiasis, the patient was treated consecutively with caspofungin, high-dose fluconazole (800 mg daily), and conventional amphotericin-B, as fever either persisted or quickly recurred after initial response. After 5 weeks of conventional amphotericin-B therapy, the maximum cumulative dose was reached and therapy was ceased. After discharge, the patient developed fever and was readmitted and high-dose fluconazole (600 mg twice daily) was initiated, as persistent invasive candidiasis was suspected. FDG-PET imaging revealed additional FDG-positive lesions in the bones, which could be Candida seeding or lymphoma. Treatment was switched to IV anidulafungin 100 mg daily for 2 months, and additionally a splenectomy was performed in an attempt to control the presumptive source of the ongoing Candida seeding. Cultures remained negative, but pus from the spleen was calcofluor positive (fungal stain for microscopy). Imaging performed after splenectomy revealed progression of lesions, with new renal and myocardial localization. Eventually, treatment was prolonged with fluconazole 800 mg orally twice daily for a year. Follow-up imaging (FDG-PET CT) 6 months after splenectomy finally showed complete resolution of all infectious foci. Unfortunately, in December 2014, recurrent MCL was diagnosed. The patient was retreated with three courses of R-CHOP followed by two course of high-dose cytarabine combined with rituximab consolidated by BEAM chemotherapy (carmustine 1 etoposide 1 cytarabine 1 melphalan) and autologous SCT, with achievement of complete remission.
DISCUSSION

Clinical Presentation
The cases presented underline that a patient without documented candidemia but with a history of neutropenia may well suffer from HSC. A wide range of presenting signs, ranging from imaging abnormalities only (case 1) to abnormal liver tests (cases 2) to persistent fever of unknown origin (case 3), challenge the diagnosis of chronic disseminated candidiasis [8] . In many cases, HSC becomes apparent only after neutrophil recovery [5, 6] . Deep-seated infections may remain localized without positive blood cultures [9] . Because of these challenges, we believe that many cases of HSC remain unrecognized.
Diagnosis
The diagnosis of invasive fungal disease is often difficult to establish, as illustrated by the consensus definitions of the EORTC/MSG study group that divides invasive fungal disease into "possible," "probable," and "proven" [10] . Any culture of yeast from a normal sterile body site or blood, or a histopathologic, cytopathologic, or direct microscopic aspirate or biopsy that contains yeast cells, classifies as "proven" invasive fungal disease. There are several diagnostic techniques available for the diagnosis of chronic disseminated candidiasis. The European Society for Clinical Microbiology and Infectious Diseases recommends the following investigations as essential for the diagnosis of chronic disseminated candidiasis: blood cultures, direct microscopy, histopathology, and culture of tissues/sterile body fluids [2] . Further recommended investigations are beta-Dglucan serology and mannan/anti-mannan serology (mannan is a Candida cell wall constituent, beta-D-glucan is a fungal cell wall constituent, not specific for Candida) [2] . No recommendations are made regarding PCR-based techniques, because the available data are limited and hampered by the use of different PCR techniques. However, as we demonstrate in case 2, a positive (validated) PCR result on a biopsy of normally sterile tissue can confirm the diagnosis. In many cases, the presumptive diagnosis of HSC is based on imaging only, as invasive procedures are not always possible, blood cultures remain negative due to lack of sensitivity or use of empiric antifungal therapy, serologic tests might not be available, and confirmation by biopsy lacks sensitivity due to sampling error [8, 11] . Imaging abnormalities may range from focal hepatic (case 1) and/or splenic lesions to multifocal lesions of the entire liver and/or spleen (cases 2 and 3) and may involve other organs such as the kidneys and heart (case 3).
Literature Review of HSC and Candidemia
To investigate to what extent HSC occurs without documented candidemia, we systematically searched the literature for studies that included patients with HSC and documented blood culture results. A PubMed search was conducted on January 23, 2017, with the following details: hepatosplenic [All Fields] AND ("candidiasis"[MeSH Terms] OR "candidiasis"[All Fields]). The search yielded 138 hits after removal of 1 duplicate (see supplemental online Table) . Sixty-six studies were excluded because no full-text article was available (n 5 43) or the fulltext article was not written in English (n 5 23). After screening of full-text articles, another 42 studies were excluded because the studies did not describe patients with HSC (n 5 19), did not study disease caused by Candida spp. (n 5 2), or did not include data on candidemia, that is, did not mention whether blood cultures were positive or negative (n 5 21). Thirty articles, describing 187 patients with HSC and available blood culture results, remained for extraction of data. Documented positive blood cultures with Candida were present in only 56 (30%) of these patients. Of these 187 included patients, 181 patients had a hematological malignancy; three of the 181 patients had undergone a previous SCT. Three patients had solid tumors: two had received chemotherapy for rhabdomyosarcoma (cyclophosphamide, dacarbazine, and doxorubicin; severely neutropenic) and osteosarcoma (vincristine, prednisone, and ifosfamide; rapidly dropping leukocyte count), respectively, and one underwent autologous SCT for testicular cancer [8, 12] . One patient without an underlying malignancy had primary sclerosing cholangitis and Crohn's disease treated with prednisone 10-20 mg during the year prior to diagnosis of HSC [13] . Loss of integrity of intestinal mucosa in combination with prednisone may have contributed to Candida seeding in this patient. In conclusion, the majority of cases has been describe in patients with hematological malignancies, although HSC is not limited to hematological patients and may occur in patients with solid tumors receiving intensive chemotherapy affecting leukocyte and neutrophil counts.
Improving Detection
Detection of HSC may first be improved by acknowledging the limited sensitivity of blood cultures for candidemia. This limited sensitivity can be partly overcome by taking repeated blood cultures in a neutropenic patient with unexplained or persistent fever. Awareness that in 70% of HSC cases there is no prior documented candidemia may increase clinical suspicion. Multifocal lesions of parenchymatous organs on imaging in any patient with a history of neutropenia should prompt clinicians to put disseminated candidiasis in the differential diagnosis. This is especially important in patients with solid tumors in which candidiasis might be mistaken for metastasis. If a patient with a history of neutropenia has liver lesions and imaging or biopsy is not typical for metastasis, one should try to confirm the diagnosis of HSC. A repeated biopsy may be contemplated, as the negative test could have been a result of sampling error. In our opinion, when there are no other signs or symptoms of metastatic disease, empirical treatment with fluconazole may even be warranted before additional surgery or chemotherapy is planned. Finally, when microbiological cultures remain negative, molecular PCR testing (on biopsy) and Candida serology could help to establish the diagnosis.
Treatment
There is little evidence about the optimal treatment, and the optimal duration of treatment likely depends on the level of immunosuppression at the moment of diagnosis as well as the months following diagnosis. Empirical treatment is usually initiated with either liposomal amphotericin-B or an echinocandin, followed by "step-down" therapy with oral fluconazole [11, 14] . We feel initial therapy with oral fluconazole for those without severe, systemic symptoms is a reasonable alternative; besides extent and severity of infection, other deciding factors include previous antifungal therapy and culture results, toxicity, and costs. The Infectious Diseases Society of America advises that treatment should be continued until radiologic lesions are calcified or resolved, although others define response to treatment as resolution of clinical and biological signs with stable or reduced lesions on imaging [8, 14] . Antifungal therapy should be continued throughout additional chemotherapy courses or SCT to prevent relapse [14] .
In case 1, 6 months of oral fluconazole treatment was sufficient and resulted in near resolution of all the liver lesions initially noted. Moreover, a scheduled hemihepatectomy was prevented. Case 2 responded well to 3 weeks of intravenous echinocandin treatment followed by 2 months of fluconazole. In case 3, treatment remained troublesome (of note, meanwhile in our hospital, conventional amphotericin-B has been replaced by less toxic liposomal amphotericin-B) and dissemination was hard to control, finally resulting in a splenectomy.
CONCLUSION
In conclusion, timely diagnosis of HSC is challenging but can prevent further complications and dissemination and may even prevent unnecessary invasive procedures. Clinicians should realize that HSC often occurs without documented candidemia and that sensitivity of blood cultures for candidemia is limited. HSC is not strictly limited to hematologic patients and might also occur in patients with solid tumors treated with intensive chemotherapy or SCT. Increased awareness for HSC in patients with any history of neutropenia is of importance to increase detection and prevent serious sequelae. 
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